Endometrial adenocarcinomas may show a distinctive pattern of invasion characterized by the presence of microcystic, elongated and fragmented glands, often most evident along the advancing tumor margin. Earlier, we have shown that these changes appear restricted to low-grade endometrioid carcinomas, many of which show focal mucinous differentiation and lymphovascular space invasion. However, the molecular alterations associated with this morphological alteration are not known. In this study, we have examined immunoreactivity for the cell cycle regulatory proteins cyclin D1, p16 and b-catenin in 22 endometrial carcinomas, specifically comparing the results in conventional tumor areas and in foci in which the glands exhibited microcystic, elongated and fragmented appearances. The conventional neoplastic glands exhibited cyclin D1 and p16 expression in most cases, with 450% tumor cells positive in 8 cases and 11 tumors, respectively. Membranous expression of b-catenin was usually preserved, with variable cytoplasmic and nuclear staining. Cyclin D1 and b-catenin predominantly stained cells at the peripheral or basal aspect of the conventional glands, whereas p16 was more uniformly expressed centrally. Tumor foci composed of microcystic, fragmented and elongated glands showed strong expression of cyclin D1 and p16, sometimes in contrast to unstained contiguous or adjacent conventional neoplastic elements, and there was also loss or fragmentation of membranous b-catenin staining. Intravascular tumor cells also expressed cyclin D1 and p16 and therefore the immunostains often highlighted subtle foci of lymphovascular invasion. The heterogenous expression of cell cycle regulatory proteins within endometrial adenocarcinoma illustrates the importance of assessing microanatomical variations in immunoreactivity, particularly at the advancing margin of tumors. The upregulation of cyclin D1 and p16, together with loss of membranous b-catenin expression in microcystic, fragmented and elongated glands, is similar to epithelial-mesenchymal transitions observed in other malignancies and suggests that this pattern of invasion represents an active rather than a degenerative cellular process. Modern Pathology ( The more common (type 1) subgroup accounts for 80-85% of cases and mainly comprises endometrioid adenocarcinomas of low-to-intermediate grade. These tumors typically occur in perimenopausal and younger postmenopausal patients, often arise in hyperestrogenic states and are associated with atypical endometrial hyperplasia/endometrial intraepithelial neoplasia. Frequently, type 1 carcinomas are confined to the uterine corpus at the time of diagnosis (stage 1), and the prognosis in such patients is generally favorable with an overall 5-year survival of 85-95%. In contrast, type 2 endometrial carcinomas often occur in older patients, are not associated with estrogenic stimulation, show non-endometrioid and high-grade histological appearances, and have a poorer prognosis.
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The more common (type 1) subgroup accounts for 80-85% of cases and mainly comprises endometrioid adenocarcinomas of low-to-intermediate grade. These tumors typically occur in perimenopausal and younger postmenopausal patients, often arise in hyperestrogenic states and are associated with atypical endometrial hyperplasia/endometrial intraepithelial neoplasia. Frequently, type 1 carcinomas are confined to the uterine corpus at the time of diagnosis (stage 1), and the prognosis in such patients is generally favorable with an overall 5-year survival of 85-95%. In contrast, type 2 endometrial carcinomas often occur in older patients, are not associated with estrogenic stimulation, show non-endometrioid and high-grade histological appearances, and have a poorer prognosis. 1, 2 The pathogenesis of uterine endometrioid adenocarcinoma has been subject to intense investigation in recent years, and several common molecular abnormalities have been identified, including inactivation of the tumor suppressor gene PTEN, mutations of the k-ras oncogene and microsatellite instability. [3] [4] [5] [6] Additional changes that occur in a significant proportion of cases include dysregulation of the Wnt and retinoblastoma (Rb) signaling pathways. These are complex and interconnected pathways, each of which includes multiple positive and negative regulatory factors that influence cellular proliferation and differentiation. [7] [8] [9] [10] [11] Activation of the Wnt pathway leads to decreased degradation, and thus increased cytoplasmic accumulation, of b-catenin. The subsequent nuclear translocation of b-catenin induces cell proliferation, mainly through the upregulation of factors such as c-myc and cyclin D1. b-Catenin also plays an important role in maintaining the adhesion and polarity of epithelial cells through its association with E-cadherin on the cell membrane. Reduced expression of the E-cadherin/b-catenin complex is considered a fundamental step in the progression of many types of carcinoma, notably as a cardinal feature of epithelial-mesenchymal transition, which permits epithelial cells to acquire motility and display invasive properties. [12] [13] [14] The Rb pathway exerts control mainly on cell proliferation by regulating cell progression through the G1/S phases of the cell cycle. The Rb protein inhibits cell division and therefore its inactivation by complexes of cyclin-dependent kinases (cdks) and cyclins, such as cdk4/6 and cyclin D1, has a pro-proliferative effect. In turn, the cdk-cyclin complexes are negatively regulated by cdk inhibitors, such as CDK4INK (also known as p16
INK4a and hereafter referred to as p16). Thus, p16 protein normally exerts an antiproliferative or, in the neoplastic context, a tumor suppressor effect. The Rb pathway may be disrupted at multiple levels, including inactivating mutations or deletions of the Rb gene itself, overexpression of cyclin D1 or cdk, and downregulation of p16, and such abnormalities alone or in combination have been identified in many neoplasms, including endometrial carcinomas. 15 Although the Wnt and Rb pathways have independent activities, they also have overlapping functions, notably through the regulation of cyclin D1, the activity of which is promoted by b-catenin but inhibited by p16. Recent studies also suggest that nuclear b-catenin may exert direct effects on p16, which are linked to squamous (morular type) differentiation in endometrioid adenocarcinoma. 16 In endometrial cancer, abnormalities of the Wnt and Rb pathways have been studied at the genotypic level and also with immunohistochemical techniques that evaluate alterations in protein expression. However, although some of the latter studies have taken into account both the intensity and the extent of immunoreactivity, few have considered the specific distribution of protein expression at the microanatomical level. It is becoming clear that tumors are heterogenous with regard to molecular and immunophenotypical features and therefore an 'overall' estimate of protein expression may obscure changes in specific areas, such as the advancing tumor margin in which processes, such as epithelial-mesenchymal transition, are most active. 11, 17 We have noted earlier that endometrial carcinomas exhibiting a distinctive pattern of invasion comprising microcystic, elongated and fragmented ('MELF') glands 18 show specific pathological associations and morphological changes, some of which are suggestive of epithelial-mesenchymal transition. 19, 20 Therefore, in this study, we have further explored the cellular alterations at the invasive margin of endometrial adenocarcinoma by comparing the expression of the cell-cycle-related proteins, cyclin D1, b-catenin and p16, between conventional tumor areas and foci exhibiting MELF pattern invasion. 19 and there were three subsequently identified tumors. All MELF-positive cases were low-grade (FIGO grade 1 or 2) endometrioid adenocarcinomas although three cases had separate, discreet areas of high-grade (de-differentiated) carcinoma. 21 The MELF pattern changes were as earlier described comprising dilated (microcystic), elongated and fragmented glands, usually most evident at the deepest myoinvasive aspect of the tumors. 18, 19 The cases selected for study exhibited multiple MELF-type foci in at least one tumor block that was used for the immunohistochemical evaluation.
Materials and methods
Clinicopathological data, including patient age, tumor grade and stage (FIGO), and the presence of lymphovascular space invasion were obtained from the histopathology reports and from review of the tumor slides.
Immunohistochemistry
The tumors were stained with the panel of antisera outlined in Table 1 . The staining was performed on serial 4-mm sections to permit the correlation of the different immunohistochemical markers in specific tumor areas. The detection kit was the LSAB 2 HRP system (K0675; Dako, NSW, Australia) with liquid diaminobenzidine and substrate chromogen system (K3468; Dako). The results were compared with those of the corresponding hematoxylin-and-eosinand cytokeratin (CK)7-stained sections. We have noted earlier that CK7 is strongly expressed in areas of MELF pattern invasion within endometrial adenocarcinoma and therefore could be used as a reference for comparing the additional immunohistological preparations. 20 The staining patterns were assessed separately in the predominant areas of conventional myoinvasive adenocarcinoma and at the advancing tumor margin, especially in the areas exhibiting MELF-type features. In those sections that included several MELF foci, the predominant pattern was recorded although in practice staining was fairly uniform in these areas. All staining batches included appropriate controls.
The study received institutional ethics approval.
Results
The immunohistochemical findings and the clinicopathological details of the 22 cases are summarized in Tables 1 and 2 , respectively. Cyclin D1 immunoreactivity was mainly confined to the nuclei and was observed within the conventional glandular component of 20 tumors. However, there was a wide range in the extent of immunoreactivity, and only eight cases showed expression in 450% tumor cells. Frequently, cyclin D1 was more uniformly and strongly expressed toward the basal or peripheral aspect of the conventional neoplastic glands, with reduced or absent staining centrally ( Figure 1 ). MELF-type foci were strongly cyclin D1 positive in most cases, sometimes in contrast to adjacent or contiguous unstained conventional-type tumor glands (Figures 2 and 3) . Thus, cyclin D1 staining often highlighted areas of MELF pattern invasion, including inconspicuous small neoplastic cords of cells, single infiltrating cells and adjacent intravascular tumor nests (Figure 3 ). Occasional labeling of endothelial nuclei with cyclin D1 was also observed.
b-Catenin immunoreactivity was observed within the conventional tumor glands in all cases. Eighteen tumors showed a strong and complete membranous expression similar to that seen in the normal endometrial epithelium, whereas a weaker and fragmented membranous labeling was seen in four cases. Many tumors also showed an increased intensity of b-catenin expression toward the basal aspect of the larger tumor glands as a result of combined membranous and cytoplasmic staining (Figure 4 ). In contrast, the neoplastic epithelium within the center of the glands showed a more restricted membrane labeling, especially in areas of mucinous differentiation. Nuclear b-catenin expression was identified in six tumors but showed no obvious pattern of anatomical distribution. Squamous differentiation was present in five adenocarcinomas, four of which exhibited a predominantly morular pattern, and these areas showed cytoplasmic and nuclear b-catenin expression. Immunoreactivity was generally most marked toward the basal (basement membrane) aspect of squamous areas. All MELF pattern tumor foci showed an altered b-catenin expression. In most cases, there was a complete loss of membrane labeling typically associated with weak and diffuse cytoplasmic staining ( Figures 5  and 6 ). Nuclear b-catenin expression was observed clearly only in two cases although the interpretation of staining sometimes was difficult due to the attenuated and disrupted nature of the neoplastic epithelium in the MELF pattern areas. Intravascular tumor nests often exhibited nuclear and/or cytoplasmic b-catenin immunoreactivity and there was partial membranous labeling in the center of some larger intravascular aggregates. Cytoplasmic Immunohistochemistry for p16 showed nuclear and cytoplasmic labeling within the conventional component of all tumors, but there a was highly Figure 1 Immunohistochemistry for cyclin D1 (a) and p16 (b) within conventional tumor area. Cyclin D1 is most strongly expressed toward the peripheral aspect of the glands, whereas p16 staining is more marked centrally. 
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variable expression in individual cases ranging in positivity from o5 to 480%. Eleven tumors showed p16 expression in 450% of neoplastic cells. Staining was often highly localized, being restricted to small clusters of cells or even single cells within otherwise negative glands. Foci of morular-type squamous differentiation were p16 positive, and in some cases, there was a suggestion of a more uniform staining toward the center of large tumor glands ( Figure 1 ) but often there was no clear correlation between the distribution of immunoreactivity and tumor morphology. However, MELF pattern areas of invasion were consistently p16 positive and, as with cyclin D1, the immunoreactivity sometimes contrasted with that of adjacent negative conventional-type glands (Figure 2 ). Tumor nests within vascular spaces also were usually p16 positive (Figure 7 ). In one tumor showing de-differentiation, the high-grade component was included in the block selected for immunohistochemistry: there was diffuse and strong p16 expression within the de-differentiated tumor cells in this case.
Discussion
MELF pattern invasion in endometrial adenocarcinoma is characterized by the loss of conventional glandular architecture, attenuation of the neoplastic epithelium and infiltration of the stroma by small nests of cells and individual tumor cells often associated with a prominent fibromyxoid stromal alteration. These changes are similar to those observed in epithelial-mesenchymal transition at the advancing margin of other tumors, such as colorectal carcinoma. [12] [13] [14] 22, 23 Earlier, we have noted that areas of MELF-type invasion are strongly positive for CK7 and show reduced E-cadherin and hormone receptor expression. 20 These findings sometimes differed from those of the predominant conventional tumor areas, illustrating the importance of correlating the immunophenotypic findings with tumor distribution and morphology. In this study, we have further investigated the importance of microanatomical relationships in endometrial adenocarcinoma by comparing the expression of cell-cycle-related proteins within specific tumor areas, particularly in foci showing MELF pattern invasion.
Cyclin D1 protein is not expressed in the normal endometrium or is present only in rare cells. In contrast, immunoreactivity for cyclin D1 has been recorded in 40-69% of endometrial adenocarcinomas, [24] [25] [26] [27] [28] [29] and in some studies, such an overexpression has correlated with a higher grade or stage. 24, 28 Our findings are comparable as most tumors were at least focally positive and eight cases (36%) showed 
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CJR Stewart et al cyclin D1 staining in 450% cells. To our knowledge, only one earlier investigation has specifically examined the microanatomical distribution of cyclin D1 staining in endometrial carcinomas, and no difference was found between the central and the advancing aspects of these cases. 30 However, in this study, the advancing tumor margin was defined by a microscopic measurement (deepest 1.2 mm of tumor) rather than by a morphological alteration, as seen in MELF-type invasion, and therefore, the findings are not directly comparable with those presented herein. We found that cyclin D1 expression within the conventional tumor areas was most consistent and intense around the peripheral or basal aspect of the glands. Cyclin D1 was also consistently expressed in foci of MELF pattern invasion, including isolated microcystic glands, single infiltrating tumor cells and intravascular foci. In some tumors, the localized distribution of staining was such that only MELF-type areas were positive, and therefore the tumors would have been regarded as 'negative' for cyclin D1 using the overall immunohistological scoring systems applied in some earlier studies. These findings illustrate the importance of considering microanatomical variation in staining and lend further support to the hypothesis that MELF pattern invasion represents an active rather than a degenerative process during the progression of endometrial carcinoma. 19, 20 Expression of cyclin D1 in MELF areas would also be consistent with epithelial-mesenchymal transition as cyclin D1 is characteristically upregulated during this process in other types of carcinoma. [12] [13] [14] 22, 23 Abnormalities of b-catenin have also been shown in a significant proportion of endometrial neoplasms. 3, 5 Mutations have been recorded in 13-31% cases and appear more common in lowgrade endometrioid adenocarcinomas, [31] [32] [33] [34] [35] [36] whereas an abnormal immunolocalization in the form of reduced membrane staining with diffuse cytoplasmic and/or nuclear staining has been recorded in 25-76% cases. [34] [35] [36] [37] [38] [39] Most b-catenin mutations lead to decreased protein degradation and are associated with altered (usually nuclear) immunoreactivity. 32, 35 However, the converse is not always true as dysregulation of many other factors can lead to the abnormal localization of b-catenin, reflecting the multiple pathways that control the distribution and metabolism of this protein. In this study, immunoreactivity was observed within the conventional glandular component of all tumors, typically with cell membrane distribution similar to that seen in the normal endometrial epithelium. However, there was also increased staining toward the basal aspect of these glands as a result of cytoplasmic staining and, in some cases, nuclear localization. In contrast, the neoplastic elements at the advancing tumor margin and, in particular, areas exhibiting MELF pattern changes showed reduced or absent membranous b-catenin expression. Normally, b-catenin links E-cadherin to cell-adhesion complexes and cytoplasmic intermediate filaments that modulate cell motility and polarity. Thus, downregulation of membrane-bound b-catenin is consistent with the process of epithelial-mesenchymal transition. However, convincing nuclear staining was identified in only two cases in this series, a finding that differs from that observed in colorectal carcinoma in which foci of budding invasion, corresponding to epithelial-mesenchymal transition, typically show nuclear b-catenin expression. 12, 22, 23 Therefore, alternate pathways may be more critical in upregulating cyclin D1 during the invasive process in endometrial cancers. We also noted b-catenin expression within reactive stromal cells surrounding MELF areas in some tumors. The significance of this finding is not clear, particularly as this was always a focal finding. However, the importance of tumorstromal interactions in cancer progression is increasingly recognized and it is possible that factors secreted by reactive cellular elements may help propagate tumor invasion. 40 The interpretation of p16 immunoreactivity in endometrial cancer is problematic as it is not always clear whether a 'positive' or 'negative' staining reaction represents the abnormal finding. In gynecological pathology generally, p16 immunostaining has been used most widely as an adjunct to diagnosis in cervical biopsy specimens. 41 Normal cervical epithelium and most reactive cervical lesions are negative or only focally positive for p16, whereas the majority of neoplastic lesions show diffuse nuclear and cytoplasmic expression. This reflects HPV-related inactivation of the Rb protein, which causes a loss of negative feedback on p16 and hence an increase in immunoreactive, but functionally ineffectual, p16 protein. 41 The situation in endometrium differs in that normal proliferative endometrium expresses p16 protein and, with rare exceptions, endometrial neoplasia is not associated with HPV infection. Therefore, it can be argued that a 'positive' staining reaction for p16 protein in endometrial carcinoma represents preservation of normal expression, whereas a reduction of immunoreactivity is pathological. In accord with this interpretation, several investigators have described reduced or absent p16 expression in 6-74% of endometrial carcinomas, [42] [43] [44] [45] [46] and in one report this corresponded to reduced levels of p16 mRNA. 46 The molecular basis for this downregulation is not clear as mutations, deletions and promoter methylation of the p16 gene appear to be relatively infrequent. The alternative interpretation, which seems to have been adopted by other investigators, is that the expression (or 'overexpression') of p16 in endometrial carcinoma is abnormal, analogous to the situation in cervix. [47] [48] [49] [50] [51] A very wide range in p16 immunoreactivity (7-83%) has been reported in endometrial cancer, and this may be partly explained by differences in case selection, technical factors and varied definitions of 'positive' staining. It has been noted earlier that, when present, p16 immunoreactivity in endometrial carcinoma is typically focal and this may be helpful in distinguishing primary endometrial from endocervical adenocarcinomas. 49, 50 We also found a wide variation in p16 immunoreactivity within this series, and 11/22 tumors showed staining in 450% neoplastic cells. There was also a marked heterogeneity of staining in individual cases, and p16 expression in conventional tumor areas was often strikingly focal in distribution, sometimes limited to single cells within glands. Foci of squamous/morular differentiation were typically p16 positive as has been recorded earlier, 16 and occasionally immunoreactivity was more prominent toward the central aspect of larger glands. However, often there was no clear correlation between the distribution of p16 staining and the conventional tumor pattern. In contrast, MELF pattern areas of invasion showed p16 expression consistently and, in some tumors, staining was almost restricted to these areas. These findings are in accord with those of Horree et al, 30 who reported increased p16 staining at the invasive front of endometrial carcinomas, although the authors did not correlate immunoreactivity with morphological findings. The upregulation of p16 expression in association with cyclin D1 has also been described at the invasive front of colorectal carcinoma. 52, 53 In summary, this study has shown that the immunoreactivity of cell cycle regulatory proteins in uterine low-grade endometrioid adenocarcinomas varies according to microanatomical distribution. Cyclin D1 and b-catenin are most uniformly expressed toward the peripheral or basal aspect of conventional tumor glands. Foci of MELF pattern invasion strongly express p16 and cyclin D1, and often such immunoreactivity differs from that of adjacent or contiguous conventional glandular areas. In contrast, the epithelium within MELF pattern areas shows loss of membranous b-catenin localization. These findings indicate that the morphological changes characteristic of MELF invasion are associated with distinct and anatomically localized molecular alterations within the neoplastic epithelium, and support the hypothesis that this process represents an active cellular event during endometrial cancer invasion.
